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Introduction
The United States Food and Drug Administration (FDA) has adopted DNA barcoding for the purpose of species identification to assure the accurate labelling of seafood products as well as to address issues with species substitution and fraud (Handy et al. 2011; Eischeid et al. 2016) . This effort has identified instances of incongruence between currently accepted taxon names and the names utilized by industry in product labelling. At the same time that FDA was beginning to build its reference library of decapod crustacean DNA standards (Food and Drug Administration 2017) , species substitution of brachyuran crabs was highlighted by a survey of crab cakes from restaurants in the Maryland / Washington, DC metropolitan area (Warner et al. 2015) . DNA testing from that survey of products advertised by restaurants to contain crabmeat only from "local" Callinectes sapidus Rathbun, 1896 , revealed at least one of six species of substituted portunoid crab in 38% of the crab cakes tested (Warner et al. 2015) . According to the report, the most commonly detected substitute species was Portunus pelagicus (Linnaeus, 1758) followed by P. pseudoargentatus Stephenson, 1961, and P. sanguinolentus (Herbst, 1783) . The reported DNA match to P. pseudoargentatus was of particular interest to Warner et al. (2015) who noted that this species was, at the time, not included in the FDA Guide to Acceptable Market Names for Seafood Sold in Interstate Commerce (The Seafood List) (Food and Drug Administration 2012) nor in the FAO fishery species list (Food and Agriculture Organization of the United Nations 2010-2018), raising concern that this species was unknown to regulators. As a result, in addition to the existing entry for P. haanii, P. pseudoargentatus was added to The Seafood List in 2015 (Food and Drug Administration 2015) . Concerns over an unknown species that was apparently common in the US food supply led us to further investigate the identity of P. pseudoargentatus and its close relatives within the Portunus gladiator species complex to determine their relationship to what was currently being harvested and marketed as "P. haanii" and/or "red swimming crab."
At the time of the study by Warner et al. (2015) , only three sequences from three loci belonging to one specimen identified as "Portunus pseudoargentatus (ZMMU Ma 3368)," which was collected from Nhatrang Bay, Vietnam, had been deposited in GenBank (JX398121, JX398079, JX398094) (Spiridonov et al. 2014) . Further complicating matters, there is a set of DNA barcode sequences (BOLD: AAO6694) identified as "Portunus haanii" from the Coral Sea in the Barcode of Life Database (BOLD), which led to more uncertainty about the true identity of crabs in the US seafood supply. The specimens in question, which are deposited in the Muséum national d'Histoire naturelle (MNHN) in Paris under the revised name of P. gladiator (MNHN-IU-2008-12570-77) , have since been examined by one of the present authors (AMW) and confirmed to be neither P. gladiator nor P. pseudoargentatus, but morphologically and genetically closer to Monomia lucida Koch and Ďuriš, 2017 . Portunus haanii was included on the FDA Seafood List prior to this study without knowledge that P. haanii is currently an unaccepted species name, having been synonymized under P. gladiator Fabricius, 1798 Cook 1973, Ng et al. 2008) .
Within the seafood industry, Portunus haanii and/or "red swimming crab" is the species/market name used for crabs harvested extensively from China and Vietnam (Monterey Bay Aquarium Seafood Watch 2013; Fishsource 2016) . Photographs identified as P. haanii on websites advertising "Portunus haanii" (e.g., Fishsource 2016; Alibaba.com 2018) bear a striking resemblance to the color photograph of "Portunus pseudoargentatus (ZMMU Ma 3368)" (Chertoprud et al. 2012: pl. 51 fig. H ) and Stephenson's (1961) original description of P. pseudoargentatus. The names Portunus gladiator and Portunus pseudoargentatus were not found associated with any specific crabmeat products in neither our on-line searches nor our discussions with industry representatives.
Taxonomic history
The taxonomy of the Portunus gladiator complex is so convoluted that it makes a chronologically arranged taxonomic history difficult to compile. Here, we present the significant taxonomic actions for P. gladiator, P. haanii, and P. pseudoargentatus. Fabricius (1798) described a swimming crab collected from "Oceano Asiatico Dom. Daldorff" (probably Tranquebar, India; see Ng et al. 2008) , which he named Portunus gladiator, based on an unspecified quantity of specimens. Fabricius (1798: 368) gave a brief description in Latin, stating: "P. thorace tomentoso utrinque novemdentato: dente postico maiore, minibus sanguineo maculatis. Habitat in Oceano Asiatico Dom. Daldorff. Praecedentibus affinis at minor. Thorax holosericeus, parum inaequalis, hine inde scaber. Chelae sanguineo maculatae digitis apice dentibusque albis."
Previously, however, Fabricius (1793) had given the same specific epithet to a different species of swimming crab (from "Nova Hollandia" = Australia), Cancer gladiator. Fabricius (1793: 449) (Herbst, 1783) , and clearly also considered Portunus gladiator Fabricius, 1798, to be a distinct species. From this point on, it appears that the name "Portunus gladiator" has been almost exclusively associated with the species described in 1798. Stephenson and Cook (1973) Stimpson (1907: 79) provided a slightly more detailed explanation, clearly opining that De Haan's (1833, 1835) Japanese P. gladiator was a distinct species from H. Milne Edwards' (1834) Lupea gladiator (= P. gladiator Fabricius, 1798) from the Indian Ocean. There are 53 extant syntypes of Amphitrite haanii in the collection of the Naturalis Biodiversity Center in Leiden as recorded by Yamaguchi and Baba (1993) , and among these they selected a male specimen (RMNH 379, CW = 42 mm, CL = 24 mm, C. Fransen pers. comm.) to be the lectotype. Stephenson (1961) described Portunus pseudoargentatus based on one male specimen from the Abrolhos Islands, off the western coast of Australia. He cited differences in the morphology of the male 6 th pleomere and male gonopod 1 (G1) between P. gladiator and the new species. Crosnier (1962) in his treatment of the swimming crabs of Madagascar commented on the confusion in the identities of specimens from various localities labelled as "P. gladiator." He highlighted the differences in the morphology of the male 6 th pleomere and G1, wherein P. pseudoargentatus tends to have the male 6 th pleomere with less sinuous lateral borders, and the G1 more greatly bent in the middle (midlength) compared to P. gladiator. He also referred to Japanese material that he examined to P. pseudoargentatus, apparently not considering Stimpson's (1858 Stimpson's ( , 1907 earlier reports on P. haanii. Stephenson and Cook (1973) did an extensive study on the Portunus gladiator complex, and they argued that, with both being then classified in the genus Portunus, P. gladiator Fabricius, 1798, effectively became a secondary homonym of P. gladiator (Fabricius, 1793) (= P. sanguinolentus), and a replacement name was needed. They went on to suggest Amphitrite haanii Stimpson, 1858 , as the earliest available replacement name, eliminating an earlier name, Cancer menestho Herbst, 1803, on the basis of a difference in colouration and in the armature of the cheliped merus in the illustration of the latter (viz. Herbst, 1803:pl. 55 fig. 3 ). They also considered Portunus pseudoargentatus Stephenson, 1961 , as a junior synonym of Portunus haanii (Stimpson, 1858) . Additionally, Stephenson and Cook (1973) described aberrant "forms" within P. haanii, on the basis of the G1 morphology (e.g., "normal" vs. "unusual" specimens; viz. Stephenson and Cook 1973: figs 6, 7) . These "unusual" specimens were two crabs from the Bay of Jeddo, Japan, and the holotype of P. pseudoargentatus. They did not, however, take steps to formally distinguish these forms as separate species, subscribing instead to the concept of "Portunus haanii" as a morphologically variable species. Ng et al. (2008: 156, 157 ) provided a detailed account on the nomenclature of Fabricius' two species with the epithet gladiator, essentially stating that, contrary to Stephenson and Cook (1973) , there is no secondary homonymy unless Cancer gladiator is considered a distinct species from Portunus sanguinolentus: "… as Cancer gladiator Fabricius, 1793, is regarded as a junior synonym of Portunus sanguinolentus (Herbst, 1783) , the name 'Portunus gladiator (Fabricius, 1793)' has not been recognized or used anywhere. This being the case, there is no homonymy with Portunus gladiator Fabricius, 1798, and this name should remain available for use under the Code. The issue of secondary homonymy will only arise if Cancer gladiator Fabricius, 1793, is regarded as a valid species of Portunus distinct from Portunus sanguinolentus (Herbst, 1783) . If this were to happen (for example, if the widespread P. sanguinolentus was to prove to be a complex of several cryptic species), then the name Portunus gladiator Fabricius, 1798, would have to be replaced by the next available name…". Ng et al. (2008) , however, maintained the synonymy of Portunus gladiator and Amphitrite haanii, while still considering Portunus pseudoargentatus a valid species. Chertoprud et al. (2012) in their report on the commercially valuable brachyuran species of Vietnam, commented that Stephenson and Cook's (1973) mention of "Portunus gladiator (Fabricius, 1793)" was sufficient to activate Article 59 of the Code (ICZN 1999) , which therefore necessitated the use of Portunus haanii (Stimpson, 1858) as a replacement name for Portunus gladiator Fabricius, 1798.
As things stand, the issue on the validity of the names "Portunus gladiator" and "Portunus haanii" has not been satisfactorily settled. Recent publications on the systematics of Portunidae have bolstered the concept of Monomia Gistel, 1848, as a valid genus-level taxon distinct from Portunus, but these have also shown that the problem with the taxonomy of the type species, M. gladiator (Fabricius, 1798) , and its closely related congeners, M. haanii (Stimpson, 1859) and M. pseudoargentata (Stephenson, 1961) , remains unresolved (Chertoprud et al. 2012; Spiridonov et al. 2014; Koch et al. 2017; Koch and Ďuriš 2018) . This problem, unless addressed, is expected to have wide-ranging consequences on the taxonomy of Monomia. As such, the identities of M. gladiator, M. haanii, and M. pseudoargentata need to be firmly established.
An integrative approach with morphological and molecular phylogenetic analyses was undertaken to resolve and stabilise the taxonomy of the Portunus gladiator (=Mo-nomia gladiator) complex. The molecular results of the morphologically verified and vouchered reference specimens, which included whole specimens from Asian fish ports and a seafood importer, were then used as standards to identify the contents of cans of pasteurized lump crabmeat labeled as "Portunus haanii" and/or "red swimming crab" through comparative analysis of DNA barcode sequences.
Materials and methods

Taxonomic methods
Materials examined are deposited at the US National Museum of Natural History, Smithsonian Institution (USNM); Florida Museum of Natural History, University of Florida (UF); Western Australian Museum (WAM); and Lee Kong Chian Natural History Museum, National University of Singapore (ZRC). These included the holotype of Portunus pseudoargentatus (WAM-C7506), as well as crabs purchased at fish ports in India, Thailand, and Taiwan, and whole crabs identified by a US seafood importer as "Portunus haanii." Photographs of the type specimens of Portunus gladiator and Amphitrite haanii, housed at Zoological Museum at the University of Copenhagen (ZMUC) and Naturalis Biodiversity Center, Leiden (RMNH), respectively, were also examined. Details on all specimens utilized in morphological examinations are provided in the material examined subsection of the taxonomic account below. The morphological terminology largely follows Wee and Ng (1995) and Apel and Spiridonov (1998) . The following abbreviations are used:
CL
carapace length, taken along the dorsal midline from the tips of the frontal teeth to the posterior margin of the carapace; CW carapace maximum width, taken at the level of its widest point; P1-P5 first to fifth pereopods, respectively (P1, chelipeds; P2-P5, first to fourth ambulatory legs); G1, G2 first and second male pleopods, respectively.
The term, pleomere (first to sixth), here refers to the six somites of the pleon. When possible, DNA was extracted from the specimens utilized for the morphological studies. Details on all specimens utilized in the molecular phylogenetic component of this study are given in Table 1 , Nomenclatural decisions are based on the provisions of the International Code of Zoological Nomenclature, here referred to as "the Code" (ICZN 1999). 
Portunus pseudoargentatus
Stephenson, 1961
Commercial products
Four cans (454 g each) of pasteurized lump crabmeat labeled as "Portunus haanii" were purchased from grocery stores in Maryland and Virginia in 2016 and 2017. Portions of 10 lumps (i.e., single piece of crabmeat reasonably expected to be from an individual crab), five from the top and five from the bottom, from each tub were sampled for DNA extraction (N=40). The DNA barcode region of the cytochrome oxidase subunit I (COI) was amplified and sequenced from samples following the methods described below.
Molecular methods
Genomic DNA was extracted from muscle tissue dissected from ethanol preserved or fresh specimens using the DNeasy Tissue Kit (Qiagen) according to the manufacturer's animal tissue protocol. Portions of three mitochondrial genes were amplified: a 658 bp barcode region of the cytochrome c oxidase I gene using the primers JgLCO1490 and JgHCO2189 (Geller et al. 2013 ), a 531 bp region of the 16S ribosomal gene using the primers 16S-ar and 16S-br (Palumbi 1996) , and a 375 bp region of the 12S ribosomal gene using the primers 12Sf (Mokady et al. 1994 ) and 12S1R (Shull et al. 2005) . PCR was carried out for 35 cycles with an annealing temperature of 48 °C for COI and 52 °C for 12S and 16S using Promega GoTaq G2 hot start master mix (Promega M7432). PCR products were visualized by agarose gel electrophoresis (1.5% agarose) and purified with ExoSAP-IT (Affymetrix) prior to sequencing. Sequencing reactions were performed using 1 μL of purified PCR product in a 10 μL reaction containing 0.5 μL primer, 1.75 μL Big Dye buffer and 0.5 μL Big Dye (Life Technologies). Geneious 9.1.7 (Biomatters) was used to visualize, trim, edit, and assemble contigs from forward and reverse sequences. All PCR, sequencing, and analytics were carried out at the Laboratories of Analytical Biology at USNM. Sequences have been deposited in GenBank (NCBI) with accession numbers listed in Table 1 .
Partial sequences for each locus were also amplified from Portunus pelagicus (ZRC 2016.0147) and P. sanguinolentus (ZRC 2016.0146 ) to serve as outgroup taxa. Multiple sequence alignments were generated using the L-INS-i alignment strategy in MAFFT version 7 (Katoh and Standley 2013). The aligned sequences were then concatenated using Sequence Matrix (Vaidya et al. 2011 ). In the concatenated data set, positions 1-380 are 12S, 381-914 are 16S, and positions 915-1572 are COI.
A best-fit model of nucleotide sequence evolution compatible with MrBayes and partitioning arrangement for each locus was determined using Partition Finder 2 (Lanfear et al. 2016) with the greedy algorithm selected (Lanfear et al. 2012 ). The GTR+I+G model was chosen for all three loci. Phylogenetic analyses were performed on the concatenated dataset using maximum likelihood (ML) with RAxML (Stamatakis 2006) and Bayesian Inference (BI) performed with MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003) on the FDA's Raven2 high performance computing cluster. ML options for RAxML included the GTRCAT model of nucleotide evolution (-m), rapid bootstrap analysis, and search for best-scoring ML tree (-f a), and 1000 bootstrap replicates. BI analysis was carried out for 10 million generations with two independent runs, each with four chains, and with trees sampled every 1000th generation. Model parameters (tratio, statefreq, shape, pinvar) were unlinked among partitions, and the rate prior (prset ratepr) was set to "variable." To calculate posterior probabilities, a "burn-in" of 25% of the total trees sampled per run adequately removed trees prior to convergence.
In addition to the concatenated dataset, a COI-only dataset which incorporated sequences from GenBank and BOLD was analysed to identify the species of crab found in four cans of pasteurized lump crabmeat labelled as "Portunus haanii". For visualization purposes, a neighbour joining tree of the 658bp alignment was built using the Jukes-Cantor model in the Geneious Tree Builder. Patristic and K2P distances were calculated for each alignment using MEGA7 (Kumar et al. 2016) .
Results
Molecular phylogenetics
Molecular phylogenetic analyses of the concatenated dataset of three mitochondrial loci show that there is a well-supported (98/1) separation between M. gladiator and M. haanii. Monomia petrea (Alcock, 1899) (UF188; KT365743, KT365606) is a strongly supported sister to both (95/1) (Fig. 5) . Analysis also confirms that voucher specimens purchased at the Daxi Fishery Port in northern Taiwan as well as those supplied by U.S. seafood importer, Newport International, both under the name "P. haanii," are the same species as the specimen of "M. pseudoargentata" (ZMMU 3368; JX398094) from Spiridonov et al. (2014) . Furthermore, our specimens with color patterns similar to "M. haanii" in Chertoprud et al. (2012) (= M. gladiator ZMMU 3366 in Spiridonov et al. 2014; JX398095) are the same species: M. gladiator s. str. (Fig. 5) . Included in the clade of M. haanii is the holotype of Portunus pseudoargentatus (WAM-C7056). The topology of the ML phylogram is congruent with the morphological findings.
DNA barcode sequence analyses for species identification of products confirm that crabmeat sold as "Portunus haanii" is indeed what we have identified herein as Monomia haanii s. str. (Fig. 6) . The mean K2P distance between reference M. haanii and the 40 product samples is 0.72% compared to the 7.85% between M. gladiator and product samples. Similarly, COI sequences from M. haanii and M. gladiator reference samples have a mean K2P distance of 7.74% (Table 2 ) and is consistent with congeneric divergences observed in other decapods (Costa et al. 2007 ). Diagnosis. Carapace (Fig. 1A-D) transversally hexagonal, CW/CL ratio 1.79-1.83, with dorsal surface, except patches of granules, densely covered by short tomentum. Regions moderately defined; with discrete patches of granules on gastric, branchial, cardiac and intestinal regions. Front subdivided into four teeth with rounded apices, median pair distinctly smaller than lateral; median sulcus between teeth continuing ventrally to triangular projection appressed to median epistomial tooth. Epistome well defined, median tooth projecting beyond front. Supraorbital margin finely granulate, with two distinct notches; inner orbital angle tooth-like, with glabrous ventromesial ledge. Infraorbital margin with deep, V-shaped notch laterally; in antero-ventral view, mesial part of infraorbital margin granulate, ventrally a large triangular tooth projecting anteriorly, visible from dorsal view. Anterolateral margin armed with nine teeth, including external orbital angle, with granulate margins; first tooth larger than following teeth except 9 th , with straight outer margin; 2 nd -8 th subequal in size, sharp, projecting outward, slightly curved anteriorly; 9 th tooth largest, projecting laterally; just underneath anterolateral margin is thick coat of long soft setae which sometimes obscures (Fabricius, 1798) , fresh coloration, Jeppiar, Tamil Nadu, India (ZRC), photograph by PKL Ng; E "Neptunus (Amphitrite) gladiator" [sic] (=Monomia haanii) from Sagami Bay, Japan (color print from Sakai, 1939: pl. 47 fig. 3 ) F Monomia haanii (Stimpson, 1858) , fresh colouration, South China Sea (USNM 1421161) shipped frozen by US seafood importer. teeth. Posterolateral margin concave, posterolateral angle rounded; posterior margin lined with small granules, straight to slightly convex; posterior margin with ventrally directed, smooth flange, lateral extremities of which coincide with posterolateral angle of carapace, each armed with small, lamelliform tooth.
Basal article of antennule completely filling antennular fossa, subsequent two articles slender. Basal article of antenna short, with broad, lateral projection entering but not obstructing orbital hiatus; flagellum long, exceeding well beyond orbit. Eyes with well-developed corneas, short, thick peduncles. Proepistome well developed, anterior tip with projecting conical tooth; epistome not extensively projecting posteriorly. Endostome with well-developed lateral ridges.
Third maxillipeds finely granulate on ischium, merus and exopod, setose on external surfaces, extensively pilose on mesial margins; ischium longer than wide, subrectangular, with deep, submesial sulcus; merus longer than wide, rhomboidal, anterolateral angle strongly projecting laterally; palp articles subcylindrical. Exopod stout, with subdistal triangular projection on inner medial border; flagellum well developed.
Male thoracic sternites covered with thick tomentum, thickest on exposed surfaces of sternites 5-8 (Fig. 3A-C) ; sternites 1-4 distinctly granulate, with granules becoming larger, coarser in large specimens; sternites 1, 2 fused, separated from sternite 3 by straight suture; sternites 3, 4 almost completely fused except for remnants of suture at lateral extremities, replaced mesially by smooth, setose groove; sternite 4 with narrow median groove on exposed surface, continuing posteriorly into sterno-pleonal cavity. Sutures 4/5, 5/6, and 6/7 present on exposed surface of thoracic sternum but interrupted within sterno-pleonal cavity; suture 7/8 present on most of exposed thoracic sternal surface, but disappearing just before sternopleonal cavity. Median longitudinal line evident at level of sternites 6, 7, 8, absent elsewhere. Press-button tubercle of sternopleonal locking mechanism located on posteromesial projection of sternite 5.
Chelipeds (P1), long, robust, surfaces tomentose; slightly heterochelous, major chela usually with modified cutting/crushing tooth proximally on cutting margin of dactylus. Merus long, with 4, sometimes 5, curved spines along flexor margin, and 2 distal spines on extensor margin; both margins densely setose. Carpus with sharp spine on inner angle, and flattened spine on external surface continuing as a strong carina, with additional, shorter carina above it. Dorsal surface of palm (propodus) with two straight, longitudinal granular crests, inner one distally ending distally in strong spine; small proximal spiniform tooth at articulation with carpus; two additional, curved granular crests on external surface of palm, first ending at level of articulation with dactylus, second, lower, ending near gape, creating cristate, proximoventral margin of palm; inner surface of palm with two wide, distinct rows of granules. Fingers generally straight except for curved, pointed tips; subequal in length to palm; with two granulate crests each on external and internal surfaces; lowest carina on fixed finger extending into palm; numerous teeth on cutting margins, arranged in groups so that each group has large central tooth flanked by smaller teeth of decreas-ing size, giving the cutting margins appearance of having three or more denticulate, triangular lobes.
First to third ambulatory legs (P2-P4), long, slender; decreasing in length and size, with P2 largest, P4 smallest; flexor margins of meri, carpi, propodi and dactyli heavily setose. Fifth ambulatory (natatory) leg (P5) with quadrate merus, pentagonal carpus, flat, subrectangular propodus, and flat, oval dactylus; margins of articles regularly setose; propodus with four raised glabrous longitudinal bands, including flexor and extensor margins, interspersed with tomentum; dactylus with five raised glabrous bands, including flexor and extensor margins, interspersed with tomentum, distal third with low median crest continuing proximally as narrow tomentose stripe; in fresh specimens, P5 propodus with white band on postero-distal margin, no purple spot, P5 dactylus with small white spot on distal end.
Male pleon (Fig. 3A-C) 'inverted T'-shaped, external surfaces mostly tomentose, 3 rd -5 th pleomeres fused. First pleomere very thin, less wide, mostly obscured by flange of posterior margin of carapace. Second pleomere much wider than first, lateral edges resting on P5 coxa, with prominent transverse keel running along entire width. Third pleomere widest, formed like a wedge, visible from both dorsal and ventral view; strong transverse crest somewhat forming posterior margin of cephalothorax, with shallow notch medially, posterolateral angles sharp, acute; sulcus between fused 3 rd and 4 th pleomere moderately deep, glabrous. Fourth pleomere subrectangular, wider than long, lateral margins convex, central region with low transverse crest. Fifth pleomere subtrapezoidal, basal margin wider than anterior. Sixth pleomere subrectangular; median length about 1.2 times maximum width; width at maximum lateral convexity greater than basal width; anterior margin concave, basal margin straight, lateral margins convex anteriorly, concave posteriorly. Telson subtriangular, apex rounded, lateral margins slightly concave, basal margin convex; median length 1.2 times basal width, with rounded tip, broadly rounded posterior margin.
G1 (Figs 4A-D) with proximal half relatively wide, somewhat flattened, strongly bent medially, by at least 45° but much less than 90°, distal half very slender, filiform; apically slightly recurved, rounded; distal tip much narrowed to small unarmed aperture. G2 about half length of G1, slender, distal tip minutely bilobed. Penis long, slender, uncalcified; emerging from sternocoxal condyle of P5.
Remarks. Following the recognition of Monomia Gistel, 1848, as a genus distinct from Portunus Weber, 1795 (see Mantelatto and Robles 2007; Mantelatto et al. 2009; Schubart and Reuschel 2009; Chertoprud et al. 2012; Spiridonov et al. 2014) , the taxonomy of its type species, Monomia gladiator (Fabricius, 1798), needs to be assessed.
Firstly, there are five specimens identified as syntypes of Portunus gladiator Fabricius, 1798, in the Zoological Museum of the University of Copenhagen (ZMUC) (see http://www.zmuc.dk/inverweb/invertebrater/Crustacea%20databases/Fabricius%20collection.htm). All are dry specimens with the catalog numbers ZMUC-CRU 4704 through 4708 (see Ng et al. 2008 ). Examination of their photographs (available online) show that one of them is clearly not conspecific nor even congeneric (viz. ZMUC-CRU 4707). Accompanying this specimen in the photograph is a hand-written label identifying it as "Achelous Whitei A. M. Edw.," a name now considered a junior synonym of Lupocycloporus gracilimanus (Stimpson, 1858 ) (viz. Ng et al. 2008 ), a widespread species known from several localities in the Indo-West Pacific region; and a check with the available literature (e.g., Stimpson, 1907: pl. 10 fig. 3 ) confirms this identification. To stabilize the taxonomy of Portunus gladiator Fabricius, 1798, one of the other four syntypes, a male ZMUC-CRU 4705 (Fig 1A) , is hereby designated as the lectotype, and the other three specimens (ZMUC-CRU 4704, 4706 and 4708) become paralectotypes.
Secondly, we agree with Ng et al. (2008) that there is no secondary homonymy between Portunus gladiator Fabricius, 1798, and Cancer gladiator Fabricius, 1793, because the two species were originally described in different genera, and the name "Cancer gladiator Fabricius, 1793" is no longer available by virtue of its synonymization under Portunus sanguinolentus (Herbst, 1783 ) (viz. Latreille 1825 Stephenson and Cook 1973) . Although Chertoprud et al. (2012) cite the use of the name "Portunus gladiator (Fabricius, 1793)" by Stephenson and Cook (1973) as meeting the requirement of Article 59.1 of the Code, we view this as a misinterpretation of the Code's provisions for homonymy. Furthermore, with the recognition of Monomia Gistel, 1848, as a full genus, thus absolutely eliminating any reservations concerning secondary homonymy, the species name Monomia gladiator (Fabricius, 1798) is, therefore, valid.
Thirdly, there is the matter of the confusion between M. gladiator and M. haanii. Stephenson and Cook (1973) proposed Amphitrite haanii Stimpson, 1858, as a replacement name for P. gladiator Fabricius, 1798, and this has led to the current confusion between the two names. As the following discussion will show, it is evident that Monomia gladiator and M. haanii (Stimpson, 1858) are distinct and valid species, and, therefore, the latter cannot be used as a replacement name for the former.
Monomia gladiator differs from M. haanii primarily in these three morphological characters: (1) in the fresh specimens of M. gladiator, there is a white band on the postero-distal margin of the P5 propodus, but no purple spot, and a small white spot on the distal tip of the P5 dactylus ( Fig. 1C, D; also Chertoprud et al. 2012: pl. 51 fig.  G ) (vs. in M. haanii, there is a large purple spot on the distal tip of the P5 propodus, and the distal one-third of the P5 dactylus is colored purple; Fig. 1E, F ; also Sakai, 1939: pl. 47 fig. 3 ; 1965: pl. 57, fig. 1 ; Chertoprud et al. 2012: pl. 51 fig. H) ; (2) the anterolateral margins of the male 6 th pleomere are more flared out and rounded in M. gladiator, and at their widest extent exceed the basal width of the 6 th pleomere ( Fig.  3A-C ; also Stephenson and Cook, 1973: fig.10A ) (vs. straight, convergent anteriorly, and separated from concave posterolateral margin by an angular convexity in M. haanii, widest at base, Figs 2B, 3D-F); and (3) the G1 is bent at an angle of about 45° at mid-length and the distal tip is slender and relatively narrower in M. gladiator (Fig.  4A-D) (vs. G1 bent at or almost at 90°, and distal tip is somewhat wider than the immediate subdistal region in M. haanii ( Figs 2C, 3E-H) . Aside from these are some minor differences; for instance, the mesial part of the infraorbital margin of M. gladiator is granulate and there is no tooth on the mesial end as it abuts the basal article of the antenna, there is, however, a large tooth immediately ventral to this margin, which projects outward and is visible from dorsal view as if it were part of the infraorbital margin. In M. haanii, the mesial end of the infraorbital margin has a large tooth which abuts against the basal article of the antenna. Also, the spines on the flexor margin of the P1 merus of M. gladiator tend to be more projecting and recurved than those of M. haanii, which are relatively smaller and less curved. Examination of available freshcolor photographs (viz. Chertoprud et al. 2012: pl. 51 Figs G, H) also show that these meral spines tend to be entirely white in M. gladiator while they are red at the base and white at the tips in M. haanii.
Furthermore, the molecular phylogenetic analysis corroborates the morphological evidence, clearly showing two distinct and well-supported clades corresponding to the two species. Specimens identified as M. gladiator based on the characters described above, including a topotypic specimen from India (ZRC.2016.0149), form a wellsupported clade distinct from another clade containing specimens with the morphological attributes of M. haanii, which also includes a topotypic specimen from Japan (ZRC.2000.0084). Furthermore, the same molecular phylogenetic analysis shows that the specimen referred to by Chertoprud et al. (2012) as "Monomia haanii" (JX398095) falls within the M. gladiator clade, whereas the specimen referred to by Chertoprud et al. (2012) as "Monomia pseudoargentata" (JX398094) falls within the M. haanii clade. These specimens should now be identified as M. gladiator and M. haanii, respectively.
Finally, Lupea gladiator H. Milne Edwards, 1834 (Indian Ocean), is re-included in the synonymy of Monomia gladiator (Fabricius, 1898) , and Cancer menestho Herbst, 1803 (probably from Indian Ocean) is hereby considered a junior subjective synonym of Monomia gladiator (Fabricius, 1798) . We believe that Stephenson and Cook (1973) erred in removing these two names from the synonymy of gladiator sensu Fabricius, 1798. In the case of H. Milne Edwards' specimen, the error is due simply to their conflation of haanii with gladiator. In the case of Herbst's species, we disagree with them that the illustration of Cancer menestho does not show 2 spines on the posterior margin of the cheliped merus. What they call a "non-protruding" spine is an artifact of perspective. We have seen in our photographs of M. gladiator, that this second spine can appear non-protruding when the merus is viewed from directly above and if the marginal setae obscure its entire outline. Once this so-called difference is eliminated, there is no compelling reason why C. menestho should also not be treated as a synonym of M. gladiator.
Monomia haanii s. str. (Stimpson, 1858)
Figs 1E, F, 2, 3D-F, 4E-H Portunus (Amphitrite) gladiator: De Haan 1833: 39; 1835 : pl. 1 fig. 5, pl. A. Non Portunus gladiator Fabricius, 1798 . Amphitrite haanii Stimpson, 1858: 38; 1907: 79; Ng et al. 2008: 151 (synonymy), 156 (discussion). Neptunus (Amphitrite) gladiator: Ortmann 1893: 73 ; Lanchester 1902: 544; Parisi 1916: 173; Balss 1922: 107; Sakai 1934: 303; 1936: 129, pl. 36 fig. 3; 1939: 390, fig. 5a, pl. 47 fig. 3; Shen 1937: 101, fig. 2; Lin 1949 : 19. Non Portunus gladiator Fabricius, 1798 . Portunus gladiator: Rathbun 1902 : 26, Miyake 1961 Sakai 1965: 118, pl. 57 fig. 1; 1976: 341, fig 180a, pl. 120 fig. 1 ; Stephenson and Rees 1967: 24; 1968: 293; Takeda and Miyake 1968: 551; Stephenson 1972a: 16, 39; 1972b: 135; Ko and Lee 2013: 40, pl.-fig. 34 . Stephenson, 1961: 109, Figs 2A, 3F, pl. 2 fig. 4, pl. 4 fig. F , pl. 5 fig. D ; Stephenson and Rees 1967b: 25; 1968: 294; Yang and Dai1994: 137, fig. 13 . Portunus haanii: Stephenson and Cook 1973 (in part) : 429, figs 6F-H, 7F-H, 8F-H, 9B; Dai and Yang 1991: 223, fig. 120(2) , pl. 27(4) ; Moosa 1996: 521; Apel and Spiridonov 1998 (in part): 291; Ng et al. 2001: 16 (list) . Portunus (Monomia) gladiator : Sakai 1976: 341, fig. 180, pl.120 fig. 1 Chertoprud et al. 2012: 315, pl. 51 fig. H ; Spiridonov et al. 2014: 412, 427, fig. 3I , tab. 1. Monomia haanii: Ng et al., 2017: 68 (list) . Not Amphitrite media Stimpson, 1858: 39; 1907: 79, pl. 10 fig. 1 . Not Monomia haanii, Chertoprud et al. 2012 : 314, pl. 51 fig. G (=Monomia gladiator (Fabricius, 1798 Diagnosis. Similar to Monomia gladiator except in the following morphological characters. Infraorbital margin granulate, terminating mesially in small triangular tooth, in line with rest of margin. Sixth pleomere (Fig. 2B, 3D-F ) longer than wide, maximum width at base; anterior half of lateral margins convergent anteriorly, posterior half concave to straight, anterior and posterior halves separated by angular convexity. G1 (Fig. 3C , 4E-H) bent at 90° at midlength, tapering distally toward a minutely spatulate tip, slightly broader than immediate subdistal area. In fresh specimens, P5 propodus with dark purple spot on distal tip, distal one-third of P5 dactylus colored dark purple as well (Fig. 1E, F) . Remarks. The primary morphological differences between Monomia haanii (Stimpson, 1858) and M. gladiator (Fabricius, 1798) have already been discussed in the Remarks for the latter species. Yamaguchi and Baba (1993) had previously reported on the type material of Amphitrite haanii Stimpson, 1858 , listing several syntypes col-lected by P.F. von Siebold from Japan in the years 1823 to 1829, deposited in the then Rijkmuseum van Natuurlijke Historie (RMNH) in Leiden, and preserved either dry or in alcohol. From these they selected a lectotype, a young male (42 by 24 mm; RMNH 379) preserved in alcohol. No further or detailed descriptions of the material were provided. Although they did provide photographs of several specimens, the lectotype was photographed still inside the bottle (viz. Yamaguchi and Baba, 1993: fig. 137A ) and no definitive or diagnostic features of its morphology could be discerned. The collections of the RMNH are now housed in the Naturalis Biodiversity Center, Leiden, and photographs of the lectotype (Fig. 2) were kindly provided to the authors by Dr. Charles Fransen. From these photographs, the diagnostic morphology of the 6 th pleomere (Fig.  2B ) and the 90-degree bend of the G1 (Fig. 2C) can already be observed even in such a young specimen. Furthermore, although the fresh coloration of this species was not recorded by either De Haan (1833) or Stimpson (1858) , later observations of topotypic material show that the purple spots on the P5 propodus and dactylus, as well as the more profuse but scattered spotting on the dorsal carapace, and the dark colored spines on the anterior margin of the P1 merus are consistently observed (Fig. 1E, F ; also Sakai, 1976: pl. 120 fig. 1 ; Miyake, 1983: pl. 29 fig. 1 ). Stephenson and Cook (1973) had also previously synonymized Portunus pseudoargentatus Stephenson, 1961, under P. haanii on the basis of their similar morphology. We confirm that P. pseudoargentatus is a junior subjective synonym of Monomia haanii (Stimpson, 1858) sensu stricto on the basis of similarities in the dentition of the infraorbital margin, the shape of the male 6 th pleomere (Fig. 3D) , and the ~90° angle of the bend of the G1 at midlength ( Fig. 4E ; also Stephenson, 1961: fig. 2A ). In a photograph of the presumably newly preserved holotype, the pigmented spots on the left P5 propodus and dactylus are still there (Stephenson, 1961: pl. 2 fig. 4 ), although these have since faded and can no longer be seen during the present examination of the holotype.
Specimens morphologically identifiable as M. haanii comprise a highly-supported clade that includes specimens from Japan, the type locality of M. haanii, as well as the holotype of Portunus pseudoargentatus Stephenson, 1961 , and the Vietnamese specimens referred to by Chertoprud et al. (2012) (JX398094) and by Koch et al. (2017) and Koch and Duris (2018) (KY524463, KY524464) as "Monomia pseudoargentata". Both morphological and molecular phylogenetic analyses support the recognition of Monomia haanii as a full species. Molecular results also support a morphological basis for synonymy of P. pseudoargentatus Stephenson, 1961, under M. haanii.
Discussion
The need to address and resolve the Portunus gladiator species complex was brought about largely because of the incongruence in taxon names utilized by the scientific community and the seafood industry. This incongruence was highlighted by Warner et al. (2015) who matched sequences from crab cakes to a single sequence of "P. pseudoargentatus" and raised concerns that this was a species in the US food supply unknown to regulators. Subsequently, "P. pseudoargentatus" was added to The Seafood List (Food and Drug Administration 2015) , based on that report. Pasteurized, lump crab meat labeled as "Portunus haanii" or "red swimming crab" is routinely imported into the United States; however, the species name P. haanii has been synonymised under P. gladiator for some time (Ng et al., 2008) . As it turned out, this complex had a very complicated taxonomic past, but here we have used traditional morphological methods in concert with molecular phylogenetic analyses to establish the morphological and molecular boundaries between the two species we recognize herein, Monomia gladiator and Monomia haanii.
Revising and describing the morphological differences between these two species was necessary to verify the identity of the individual specimens used to generate reference DNA sequences for identification of picked crab meat samples labelled as "Portunus haanii." The morphological findings of two distinct species were corroborated in our multi-locus phylogenetic analysis that showed complete congruence between morphologically derived identity and genetic clade membership. This reciprocally informative approach has enabled us to confirm that the commercial products that we tested, that were labelled and sold as Portunus haanii, were in fact Monomia haanii and should be labelled as such. Based on our findings, the FDA's seafood labeling guidance to industry, The Seafood List, can be emended to reflect this current understanding of the species in question.
Commercially important species are often presumed to be well understood because they have tangible value, but in the case of decapod crustaceans molecular phylogenetic analyses are re-writing much of what carcinologists thought they knew about species-, genus-, and family-level relationships (Keenan et al. 1998; Ma et al. 2009; Lai et al. 2010; Bracken-Grissom et al. 2013; de Carvalho et al. 2013; Windsor and Felder 2014; Evans 2018; Tavares and Santana 2018) . For example, Lai et al. (2010) determined that what was then known as Portunus pelagicus was actually a complex of four species; and the status of the genus Penaeus Fabricius, 1798, has been highly debated in the literature (Pérez Farfante and Kensley 1997; Lavery et al. 2004; Dall 2007; Flegel 2007; 2008; McLaughlin et al. 2008; Ma et al. 2009; Ma et al. 2011) . These name changes are to be expected as new methods of DNA analysis are developed and applied to illuminate and clarify evolutionary relationships.
